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^ (54) Title: POLYPROPYLENE-CLAY COMPOSITE AND PRODUCING METHOD THEREOF 

(57) Abstract: The present invention relates to polypropylene-clay composite comprising (a) denatured polypropylene which con- 
tains a functional group. 10-30 wt %; (b) organic layered clay which is connected to the funcdonal group of denatured polypropylene, 
10-20 wt %; and (c) polyolefin resin matrix in which the denatured polypropylene and organic layered clay are diffused, 50~98wt 
%. 
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POLYPROPYLENE -CI-AY COMPOSITE AND 
PRODUCING METHOD THEREOF 

Technical Field 

5 

The present invention relates, in general, to a 
polypropylene-organic clay composite and a method for 
manufacturing the same, in detail, to a polypropylene- 
organic clay composite prepared by dispersing an organic 
10 layered clay mineral in a polymer resin to complement the 
disadvantages of conventional inorganic filler, 
intensifier or filling composite with a particle size of 
1 or more, and a method for manufacturing the same. 

15 Background Art 

Typically, inorganic materials such as talc, mica, 
etc. are used to improve mechanical properties of 
polyolefin resins. Conventionally, the incorporation of 
20 polyolefin resin with such inorganic materials has 
resorted to mechanical means. However, conventional 
mechanical incorporation frequently results in poor 
dispersions in which particles of the inorganic materials 
form multi-layered aggregates because they are 
25 incompatible with polyolefin matrixes. 

Various attempts have been made, so far, to improve 
the dispersibility of inorganic materials in polyolefin 
resin by making inorganic layered compounds exist as 

1 
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nano-sized unit layers in the polymer matrixes. In these 
attempts, it is known that organic substances such as 
monomers or polymers cannot fully penetrate an interlayer 
space of inorganic layered materials and unit layers of 
5 inorganic layered materials cannot be uniformly dispersed 
in polymer matrixes without treating a surface of 
inorganic layered materials with organophilic materials. 

For example, USP 4,889,885 discloses a technology 
for uniformly dispersing inorganic layered materials in 

10 polymer resin, in which sodium or potassium ions, 
naturally existing between unit layers of multi-layered 
fine-particular materials such as inorganic silicate, are 
exchanged with onium (e.g. alkyl ammonium ion or 
functionalized organosilane) and then the layered 

15 materials are mixed with monomers or oligomers of the 
polymer matrix. Cation exchange according to this 
technology converts hydrophilic silicate . into 
organophilic silicate and broadens the interlayer space 
of layered materials to improve the dispersibility of 

20 inorganic layered materials in polymer resin. 

Journal of Appl. Polym. Scien., vol. 55, pp. 119- 
123(1995) discloses 12-aminolauric acid-treated inorganic 
silicate for use in the production of polyamide ablation 
type nano-composites . 

25 In addition, Japanese Patent Publication No. Hei. 

10-182892 discloses a method for dispersing layered clay 
^minerals in olef in-based resin matrixes, in which the 
interlayer space of organic layered clay minerals are 
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broadened through the intercalation of polyolefinic 
oligomers with functional groups thereinto^ and then the 
resulting composite materials are mixed with olefin-based 
resin matrixes. 

5 However, dispersibility based mainly on the 

organization of inorganic layered materials as in the 
above prior arts is found to be limitedly improved. 

Summary of the Invention 

10 

Therefore, it is a feature of the present invention 
to provide a polypropylene-organic clay composite with 
greatly improved mechanical properties resulting from the 
maximizing of compatibility and dispersibility between 

15 layered inorganic materials and a polymer matrix by 
converting the layered inorganic materials such as 
inorganic silicate into organic materials and by 
modifying the polymer resin with a certain material so 
that the layered organic materials can be chemically 

20 bonded to a polymer resin matrix, and a method for 
manufacturing the same. 

The present invention provides a polypropylene- 
organic clay composite comprising (a) a modified 
polypropylene which contains functional groups, 1.0 to 30 

25 wt%, (b) an organic layered clay mineral which is 
chemically bonded to the functional group of the modified 
polypropylene, 1.0 to 20 wt%, and (c) a polyolefin resin 
matrix in which the modified polypropylene and the 
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organic layered clay mineral are dispersed/ 50 to 98 wt% . 

Disclosure of the Invention 

5 The present invention pertains to a composite 

comprising a polyolefin matrix in which organic layered 
clay mineral bonded chemically to modified polypropylene 
having functional groups is uniformly dispersed.. 

For use in the present invention, polypropylene is 

10 modified with functional group-containing monomers having 
a highly polar chemical structure. Having a melt index 
(MI) of 1.0 to 100 g/10 min (ASTM D1238, 230^C) , 
polypropylene suitable as a base for the modified 
polypropylene of the present invention, is preferably 

15 selected from a group consisting of isotactic 
polypropylene homopolymers, ethylene/propylene copolymers, 
propylene/a-olef in non-conjugated diene compound 
copolymers (e.g. EPDM) . As the a-olefin, ethylene, 
butene-1, heptene-1, hexene-1, and 4-methylpentene may be 

20 used alone or in combination. When the melt index of the 
polypropylene is less than 1.0 g/10 min, the composite is 
poor in moldability, resulting in low productivity of the 
molded products. On the other hand, when the melt index 
is more than 100 g/10 min, the impact strength is 

25 drastically reduced. 

The highly polar, functional group-containing 
monomer for modifying polypropylene is unsaturated 
carboxylic acid or derivatives thereof, exemplified by 
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maleic anhydride^ itaconic anhydride, ditraconic 
anhydride, oxalic acid, glycidyl methacrylate, carboxylic 
acid ester, carboxylic acid ether, thiocarboxylic acid, 
and alkoxy carboxylic acid such as methoxy carboxylic 
5 acid or ethoxy carboxylic acid. More preferable is 
glycidyl methacrylate or maleic anhydride. Glycidyl 
methacrylate has an epoxide group able to undergo 
chemical reaction with such nucleophilic groups as 
hydroxyl groups or carboxylic groups contained in an 

10 organic layered clay mineral, in addition to being 
capable of intercalating the modified polypropylene into 
the interlayer space of the organic layered clay mineral. 
As for maleic anhydride, it can chemically react with 
functional groups such as hydroxyl groups or amino groups 

15 contained in the organic layered clay mineral as well as 
being capable of intercalating the modified polypropylene 
into the interlayer space of the organic layered clay 
mineral . The covalent bonding site between polypropylene 
and the functional group may be a terminal region of the 

20 polypropylene molecular chain or any intramolecular 
region. 

In case of modifying polypropylene with the 
functional group-containing monomers, the monomers may be 
used alone or in combination. Modified polypropylene can 
25 be manufactured by kneading a solution of polypropylene 
in a suitable organic solvent, along with functional 
group-containing monomers and a radical generating agent, 
or through the graft copolymerization of polypropylene. 
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with functional group-containing monomers in a suitable 
solvent, in the presence of a radical generator with the 
use of an extruder. 

Preferably, an amount of the unsaturated carboxylic 
5 acid or derivatives thereof, used as a modifier for 
polypropylene, ranges from 0.10 to 10 wt% based on the 
weight of the modified polypropylene. For example, when 
the amount of the unsaturated carboxylic acid or 
derivatives thereof is less than 0.1 wt%, the 

10 intercalation effect of the modified polypropylene is low. 
On the other hand, when the amount is more than 10 wt%, a 
significant quantity of the modifier remains unreacted, 
causing problems in compatibility with polypropylene 
resin matrix. • 

15 The modified polypropylene preferably has a 

molecular weight of 1,000 to 500,000. For example, a 
modified polypropylene less than the lower limit in 
molecular weight deteriorates mechanical properties of 
the clay composite or cannot expand the interlayer space 

20 of layered clay minerals to a desired extent. On the 
other hand, in case the molecular weight exceeds 500,000, 
it is difficult for the modified polypropylene to 
penetrate the interlayer space of layered clay minerals 
because of a very high melt viscosity. 

25 A preferable content of the modified polypropylene 

in the polypropylene-organic clay composite falls within 
the range from 1.0 to 30 wt%. When the content of the 
modified polypropylene is less than 1.0 wt%, an interface 
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joint strength between the organic layered clay mineral 
and the polypropylene resin cannot be maintained 
sufficiently to bring about neither intercalation effects 
nor improvements in mechanical properties of the 
5 polypropylene-organic clay composite. Whereas, when the 
modified polypropylene is contained in an amount of more 
than 30 wt%, mechanical properties of the polypropylene- 
organic clay composite is not further improved compared 
with those obtained with 30 wt%. 

10 The organic layered clay mineral of the present 

invention means a layered clay mineral converted into 
organic mineral by organic onium ion. Representative 
examples of layered clay mineral used in the present 
invention include smectite-based, layered clay minerals 

15 such as montmorillonite, hectorite, saponite, nontronite 
and beidellite, vermiculite, and halloysite. A preferable 
layered clay mineral has electric charges and ions (e.g. 
sodium or calcium ion) , preferably exchangeable by onium 
ion (e.g. ammonium cation), on their layers. Also, 

20 preferable is a layered clay mineral whose contact area 
with the modified polypropylene having functional groups 
is large, because the interlayer space of layered clay 
mineral can be largely expanded thereby. 

Generally, a cation exchange capacity of a negative 

25 charge on a surface of a layered clay mineral is 20 
miliequivalents/100 g or more, and preferably 50 to 200 
miliequivalents/100 g. In case the cation exchange 
capacity is less than 20 miliequivalents/100 g, a layered 
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clay mineral is not adequately converted into organic 
mineral by such ion exchange using organic onium ions, 
and so an interlayer space of the layered clay mineral is 
hardly expanded. While, in the case of more than 2 00 
5 miliequivalents/100 g, an interlayer space of the layered 
clay mineral is not adequately expanded because organic 
onium ions have difficulty in penetrating an interlayer 
space of the layered clay mineral by ion exchange owing 
to strong bonding strength of the unit's particular 

10 layers of the layered clay mineral - 

Organic onium ions are composed mainly of cation 
groups and lipophilic groups, wherein the cation groups 
play a - role in exchanging ions on a surface of clay 
mineral, and • the lipophilic groups allow organic 

15 substances to easily penetrate an interlayer space of the 
layered clay mineral by broadening the interlayer space 
of the layered clay mineral through their interaction 
with organic substances such as monomers or polymers. 
Generally, functional groups reacting to organic 

20 substances such as monomers or polymers, comprise 
nucleophilic or electrophilic functional groups which can 
be applied to electrophilic or nucleophilic displacement 
reactions, coupling reactions and ring-opening reactions. 
Examples of such functional group include epoxy, amino, 

25 carboxy, hydroxy, isocyanate, halogen, and epichloro 
hydrin. 

Examples of the organic onium ion compoxind useful as 
an organic intercalant in the present invention include 
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quaternary aitimonium salts with octadecyl, hexadecyl, 
tetradecyl or dodecyl groups, such as octadecyl trimethyl 
ammonium salt and ditetradecyl dimethyl ammonium salt. 
Preferably, the ammonium salts include bis (2- 
5 hydroxyethyl) methyl « octadecyl ammonium salt and 
dihydroxyethyl methylhydro ammonium salt. 

While forming ionic bonds onto the surface of the 
clay mineral, the organic onium ions of the present 
invention are coupled with the modified polypropylene 

10 through the reaction between the onium ions' terminal 
hydroxy or amino groups and the modified polypropylene' s 
functional groups such as maleic anhydride groups - 

The organic layered clay mineral is preferably 
contained in an amount of 1.0 to 20 wt% in the 

15 polypropylene-organic clay composite. When the content o*f 
the organic layered clay mineral is less than 1.0 wt%, an 
improvement of . mechanical properties of the 
polypropylene-organic clay composite cannot be expected, 
while, if it is more than 20 wt%, the mechanical 

20 properties of the polypropylene-organic clay composite 
are not improved because the particles are hardly 
dispersed in nanometer size, but significantly aggregate. 

Selected from crystalline isotactic polypropylene 
homopolymers and ethylene-propylene copolymers, the 

25 polyolefin resin matrix (^^c" component) of the present 
invention preferably ranges from 1.0 to 100 g/10 min in a 
melt index. For example, when the melt index of 
polyolefin resin matrix is below 1.0 g/10 min, the 
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composite is poor in moldability/ resulting in low 
productivity of the molded products. On the other hand, 
when the melt index exceeds 100 g/10 min, the impact 
strength is drastically reduced. 
5 A polypropylene-organic clay composite according to 

the present invention may comprise various other 
additives such as antioxidant, nucleating agent, 
lubricant, colorant, release agent, antistatic agent, and 
pigment. The type and amount of additives may be 

10 determined depending on various factors including the 
desired usage and physical properties of the end products. 

Also, the present invention pertains to a method for 
manufacturing the polypropylene-organic clay composite. 
, In the method of the present invention, an organic 

15 layered clay mineral, for example, a layered clay mineral 
with functional amino groups is reacted with a modified 
polypropylene having functional groups such as maleic 
anhydride in an inert solvent, or in a molten phase under 
a shearing force by using a mixer such as an extruder, a 

20 Banbury mixer, etc. 

The proper inert solvent may be hydrocarbon, e.g. 
benzene, toluene, xylene, for melting ' the modified 
polypropylene having functional groups . An organic 
layered clay mineral may be reacted with modified 

25 polypropylene at a temperature of 100 to 120 *C, which is 
high enough to melt both of the organic layered clay 
mineral and the modified polypropylene. The higher the 
temperature is, the faster the reaction is. The reaction 

10 
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time depends on the degree of reaction of the two 
reactants . 

The organic layered clay mineral is solution- or 
melt-mixed with the modified polypropylene as mentioned 
5 above ^ followed by melt-kneading the resulting mixture 
along with a polyolefin resin matrix. 

According to the present invention, the melt- 
kneading is carried out with the use of an extruder, a 
Banbury mixer, or a Brabender mixer under a mechanical 
10 shearing force at the polymer's melting point or a higher 
temperature. 

The method according to the present invention has 
advantages in that more tie chains exist between the 
polypropylene crystals of the composite of the present 

15 invention. These tie chains function to connect the 
polypropylene crystals to each other to increase the 
interface joint strength, leading to an increase in 
modulus and tensile strength when stress or a deformation 
is applied to the polymers. Additionally, the crack 

20 growth in the final product requires a cutting of the tie 
chains existing between opposite crystalline sides of the 
ruptured portion of the polypropylene. Therefore, a 
quantitative increase in tie chains disturbs the growth 
of the crack. 

25 

A more detailed description of the present invention 
will be given in conjunction with the following examples. 
The following examples are for illustration purposes only 

11 
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and in no way limit the scope of this invention. 

The following examples 1 to 12 are accomplished 
according to the present invention, and comparative 
5 examples 1 to 10 are disclosed in comparison with the 
present invention. Compositions of respective components 
and mechanical properties of the resulting composites 
according to examples and comparative examples are 
described in Tables 1 to 3. 
10 Respective components used in examples 1 to 12 and 

comparative examples 1 to 10 are defined as follows: 

1) polypropylene: ethylene-propylene block copolymer 
with a melt index (MI) of 5 g/10 min (230°C) . 

2) montmorillonite (1) : montmorillonite whose 
15 cations were exchanged with methyl, tallow, and bis 2- 

hydroxyethyl ammonium chloride. This clay may be 

commercially available from Southern Clay Products, Inc., 
Texas, and has a cation exchange capacity of 90 
miliequivalents/100 g, and an interlayer space of 18 A. 
20 3) montmorillonite (2) : sodium montmorillonite, 

manufactured by Southern Clay Products, Inc., Texas, with 
an interlayer space of 11 A. 

4) montmorillonite (3) : based on the sodium 
montomorillonite of Southern Clay Products, Inc., Texas. 
25 Its cations were exchanged with alkylammonium cations, 
such as stearyl amine and 1, 6-diaminehexane • 

Montmorillonite (3), used as organic clay in the 
present invention, was prepared as follows. Sodium 

12 
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montmorillonite was suspended in warm water of 80*^0 with 
stirring by use of a homogenizer . In water of 80*^C in 
another vessel were dissolved stearyl amine, 1/6- 
diaminohexane, and conc-HCl . An aitimonium salt solution 
5 was poured into the sodium montmorillonite suspension. 
Subsequently, the resulting mixture was stirred by use of 
a homogenizer for 10 min, washed with water of 80°C three 
times, filtered, and then dried in a vacuiom oven at 80**C 
for 24 hours. The interlayer space of the layered 
10 minerals was analyzed to be 19 A as measured by X-ray 
dif f ractometer . 

Taking advantage of its compatibility with the main 
chain of polypropylene having functional groups, the 
stearyl amine was used in order to improve the 
15 intercalation effect between clay mineral particular 
layers. As for 1, 6-diaminehexane, its aim was to increase 
the interface joint strength between clay mineral 
particular layers through the reaction with the 
functional groups of the modified polypropylene so as to 
20 maximally improve mechanical properties of the resulting 
polypropylene-organic clay composite. 

5) modified polypropylene (1) : polypropylene 
containing reacted glycidyl methacrylate of 3.0 wt% based 
on the weight of polypropylene. 
25 6) modified polypropylene (2) : polypropylene 

containing reacted glycidyl methacrylate of 0.1 wt% base*d 
on the weight of polypropylene. 

7) modified polypropylene (3) : polypropylene 

13 
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containing reacted maleic anhydride of 2.0 wt%. 

8) modified polypropylene (4) : polypropylene 
containing reacted maleic anhydride of 0.1 wt%. 

9) modified polypropylene (5) : polypropylene 
5 containing reacted maieic anhydride of 3.0 wt%. 

EXAMPLES 1 TO 3 

Modified polypropylene (1)/ along with an 

10 antioxidant, was completely dissolved in 2000 ml of 
toluene at 100°C and added with montmorillonite (1) 
according to the compositions given in Table 1 below, 
followed by vigorously stirring the resulting mixture for 
at least 4 hours. Afterwards, the resulting mixture was 

15 precipitated in 3000 ml of acetone at room temperature. 
The precipitate thus obtained was dried in a vacuum oven 
at lOO^'C for at least 12 hours to give a conjugate in 
which glycidyl methacrylate polypropylene was coupled 
onto the surface of the organic clay mineral through an 

20 ester or hydroxyl group. This was confirmed through 
analysis of the resulting compound by IR spectroscopy and 
NMR spectrometry. 

The organic clay compound was dry-blended with 
polypropylene and additives in a Hensel mixer and the 

25 mixture was added into a main hopper of an SW TEX4 4ALPHA 
twin screw kneading extruder at once, and melt-kneaded to 
prepare a composite. The dispersibility of the clay 
particles was confirmed through measurement of the 

14 
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interlayer space of layered clay mineral in a composite 
specimen by X-ray dif f ractometry . The dispersed state of 
the layered clay particles in the composite was also 
examined with the aid of transmission electron microscope 
5 (TEM) . The resulting composite was injected through FCM- 
110 (with a mould clamping force of 110 ton), manufactured 
by Samsung Kleokner, to produce a specimen according to the 
American Society for Testing & Materials (ASTM) , and 
measured for mechanical properties, such as flexural 
10 modulus, heat deflection temperature and Izod impact 
strength. 

EXAMPLE 4 

15 Modified polypropylene (1) was dry-blended with 

montmorillonite (1) according to the composition given in 
Table 1 below, and then the resulting mixture was melt- 
kneaded with the use of a kneader blender to prepare a 
organic clay compound masterbatch. Afterwards, the organic 

20 clay compound was dry-blended again with polypropylene and 
additives in a Hensel mixer, and the resulting mixture was 
added into a main hopper of an SW TEX44ALPHA twin screw 
kneading extruder at once, and melt-kneaded to prepare a 
composite . 

25 

EXAMPLES 5 TO 7 

Modified polypropylene (3), along with an 

15 
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antioxidant, was completely dissolved in 2000 ml of- 
xylene at 100 to 120*^0 and added with montmorillonite (1) 
according to the compositions given in Table 2 below, 
followed by vigorously stirring the resulting mixture for 
5 at least 4 hours. Afterwards, the resulting mixture was 
precipitated in 3000 ml of acetone at room temperature. 
The precipitate thus obtained was dried in a vacuum oven 
at 100**C for at least 12 hours to give a conjugate in 
which maleitide polypropylene was coupled onto the 

10 surface of the organic clay mineral through an ester 
group. This was confirmed through analysis of the 
resulting compound by IR spectroscopy. 

The organic clay compound was dry-blended with 
polypropylene and additives in a Hensel mixer and the 

15 mixture was added into a main hopper of an SW TEX44ALPHA 
twin screw kneading extruder at once, and melt-kneaded to 
prepare a composite. The dispersibility of the clay 
particles was confirmed through measurement of the 
interlayer space of layered clay mineral in a composite 

20 specimen by X-ray dif f ractometry . The dispersed state of 
the layered clay particles in the composite was also 
examined with the aid of transmission electron microscope 
(TEM) . The resulting composite was injected through FCM- 
110 (with a mould clamping force of 110 tons) , 

25 manufactured by Samsung Kleokner, to produce a specimen 
according to the American Society for Testing & Materials 
(ASTM) , and measured for mechanical properties, such as 
flexural modulus, heat deflection temperature and Izod 
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impact strength^ 

EXAMPLE 8 

5 Modified polypropylene (3) was dry-blended with 

montmorillonite (1) according to the composition given in 
Table 2 below, and then the resulting mixture was melt- 
kneaded with the use of a kneader blender to prepare a 
organic clay compound masterbatch. Afterwards, the 
10 organic clay compound was dry-blended again with 
polypropylene and additives in a Hensel mixer, and the 
resulting mixture was added into a main hopper of an SW 
TEX4 4ALPHA twin screw kneading extruder at once, and 
melt-kneaded to prepare a composite. 

15 

COMPARATIVE EXAMPLES 1 TO 7 

Montmorillonite alone, or montmorillonite 

concomitant with modified polypropylene was dry-blended 
20 with polypropylene and additives in a Hensel mixer, and 
the resulting mixture was added into a main hopper of an 
SW TEX44ALPHA twin screw kneading extruder at once, and 
melt-kneaded to prepare a composite . 

25 Each composite specimen was measured for the 

interlayer space of layered clay mineral and for the 
dispersed state of layered clay particles as follows: 

1) X-ray dif f ractometry : RINT-2000, manufactured by 

17 
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Rigakku Co., Japan, was used with CuKa (a = 0.15 
nanometer) ray. 

2) Transmission electron microscope (TEM) : Using 
JEOL 2000EX/ observation was made at an accelerating 
5 voltage of 100 kV. - A specimen was manufactured by dyeing 
with ruthenium tetroxide a thin flake cut by a microtome. 
Observed results were evaluated in O or X. O means good 
dispersibility . In this regard, the particles of the 
layered clay mineral were invisible to the naked eye and 

10 were well dispersed in the matrix as demonstrated by the 
analysis of TEM. Also, the interlayer space of the 
layered clay mineral was widened 10 times or more in 
comparison with that of the original layered clay mineral 
as observed by TEM. X means poor dispersibility such that 

15 the particles of the layered clay mineral were visible to 
the naked eye. Further, the analysis of TEM showed that 
the particles were aggregated and the interlayer space of 
the layered clay mineral was widened less than 10 times 
in comparison with that of the original layered cla-y 

20 mineral . 

Test conditions for mechanical properties were as 
follows : 

1) Flexural modulus 

It was measured at room temperature according to 
25 American Society for Testing & Materials (ASTM) D790. 

2) Heat deflection temperature 

It was measured under a low load (4.6 kg) according 
to American Society for Testing & Materials (ASTM) D648. 
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3) Izod impact strength 

It was measured at room temperature with the use of 
a notch specimen according to American Society for 
Testing & Materials (ASTM) D256. 



19 
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As apparent from the results shown in Tables 1 and 
2, it can be seen that the composites prepared in 
examples 1 to 8 are better than those prepared in 
comparative examples 1 to 7 in terms of dispersibility 
5 and mechanical properties. That iSf the composites of 
examples 1 to 8 had the layered clay minerals with longer 
interlayer space and showed better flexural modulus, heat 
deflection temperature, which represents a degree of heat 
resistance, and Izod impact strength than those of 
10 comparative examples 1 to 7 . 

EXAMPLES 9 TO 11 

Modified polypropylene (5) , along with an 
15 antioxidant/ was completely dissolved in 2000 ml of 
toluene at lOCC and added with montmorillonite (3) 
according to the compositions given in Table 3 below, 
followed by vigorously stirring the resulting mixture for 
at least 4 hours. Afterwards, the resulting mixture was 
20 precipitated in 3000 ml of acetone at room temperature. 
The precipitate thus obtained was dried in a vacuiam oven 
at 80*^0 for at least 24 hours to give a conjugate in 
which the modified polypropylene (5) was coupled to an 
amine group on the surface of the organic clay mineral to 
25 form an amide bond. This was confirmed through analysis 
of the resulting compound by IR spectroscopy and NMR 
spectrometry . 

The organic clay compound was dry-blended with 
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polypropylene and additives in a Hensel mixer and the 
mixture was added into a main hopper of an SW TEX4 4ALPHA 
twin screw kneading extruder at once, and melt-kneaded to 
prepare a composite. The dispersibility of the clay 
5 particles was confirmed through measurement of the 
interlayer space of layered clay mineral in a composite 
specimen by X-ray dif f ractometry . The dispersed state of 
the layered clay particles in the composite was also 
examined with the aid of transmission electron microscope 

10 (TEM) . The resulting composite was injected through FCM- 
110 (with a mould clamping force of 110 tons) , 
manufactured by Samsung Kleokner, to produce a specimen 
according to the American Society for Testing & Materials 
(ASTM) , and measured for mechanical properties, such as 

15 flexural modulus, heat deflection temperature and Izod 
impact strength. 



EXAMPLE 12 

20 Modified polypropylene (5) was dry-blended with 

montmorillonite (3) according to the composition given in 
Table 3 below, and then the resulting mixture was melt- 
kneaded with the use of a kneader blender to prepare a 
organic clay compound masterbatch. Afterwards, the organic 

25 clay composition was dry-blended again with polypropylene 
and additives in a Hensel mixer, and the resulting mixture 
was added into a main hopper of an SW TEX44ALPHA four screw 
kneading extruder at once, and melt-kneaded to prepare a 

23 



wo 02/02682 




PCT/KROl/01098 



composite. 

COMPARATIVE EXAMPLES 8 TO .10 

5 Montmorillonite alone, or montmorillonite 

concomitant with modified polypropylene was dry-blended 
with polypropylene and additives in a Hensel mixer, and 
the resulting mixture was added into a main hopper of an 
SW TEX44ALPHA twin screw kneading extruder at once, and 

10 melt-kneaded to prepare a composite. 

Each composite specimen was measured for the 
interlayer space of the layered clay mineral and for the 
dispersed state of the layered clay particles by X-ray 
dif f ractometry and transmission electron microscope 

15 (TEM) , respectively, under the same analysis conditions 
as those of examples 1 to 8 and comparative examples 1 to 
7. 

In addition, measurement was made of the mechanical 
properties of the resulting composites, including 
20 flexural modulus and Izod impact strength, under the same 
analysis conditions as those of examples 1 to 8 and 
comparative examples 1 to 7. 
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As apparent from the results shown in Table 3, it 
can be seen that the composites prepared in examples 9 to 
12 are better than those prepared in comparative examples 
8 to 10 in terms ^ of dispersibility and mechanical 
5 properties. That is, the composites of examples 9 to 12 
had the layered clay minerals with longer interlayer 
space and showed better flexural modulus and Izod impact 
. strength than those of comparative examples 8 to 10, 

10 Industrial ^plicability 

As stated above, the polypropylene-organic clay 
composite of the present invention is excellent i.n 
mechanical properties, such as rigidity, heat resistance 

15 and impact resistance, by virtue of the excellent 
dispersibility of the organic clay mineral particles. 
Also, the excellent dispersibility endows the composite 
with good fire retardancy, transparency, and gas and 
. liquid impermeability. With these advantages, the 

20 polypropylene-organic clay composite of the present 
invention can be molded into slim and light products, 
which find numerous applications in various industries, 
including automobiles, industrial materials, and 
electrical and electronic appliances. 

25 . . . 
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Claims 

!• A polypropylene-organic clay composite 
comprising: 

5 (a) 1.0 to 30 wt% of a modified polypropylene having 

functional groups; 
(b) 1.0 to 20 wt% of an organic layered clay mineral 
connected chemically to the functional group of 
said modified polypropylene; and 
10 (c) 50 to 98 wt% of a polyolefin resin matrix in 

which said modified polypropylene and said organic 
layered clay mineral are dispersed. 

2. The polypropylene-organic clay composite 
15 according to claim 1, wherein said modified polypropylene 

is polypropylene homopolymer, ethylene/propylene 
copolymer, or propylene/cx-olef in non-conjugated diene 
compound copolymer, having a melt index (MI) of 1.0 to 
100 g/10 min, and being modified by unsaturated 
20 carboxylic acid or derivative thereof. 

3. The polypropylene-organic clay composite 
according to claim 2, wherein said unsaturated carboxylic 
acid or derivative thereof is selected from a group 

25 consisting of maleic anhydride, itaconic anhydride, 
ditraconic anhydride, oxalic acid, glycidyl methacrylate, 
carboxylic acid ester, carboxylic acid ether or 
thiocarboxylic acid. 
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4. The polypropylene-organic clay composite 
according to claim 2, wherein said unsaturated carboxylic 
acid or derivative thereof is maleic anhydride or 
glycidyl methacrylate, 

5 

5. , The polypropylene-organic clay composite 
according to any one of claims 2 to 4, wherein an amount 
of said unsaturated carboxylic acid or derivative thereof 
ranges from 0.10 to 10 wt% based on polypropylene. 

10 

6. The polypropylene-organic clay composite 
according to claim 1, wherein said organic layered clay 
mineral is a clay mineral converted into organic mineral 
by an organic onixim ion compound. 

15 

7. The polypropylene-organic clay composite 
according to claim S, wherein said organic layered clay 
mineral is selected from a group consisting of 
montmorillonite, hectorite, saponite, nontronite, 

20 beidellite^ vermiculite, and halloysite. 

8 . The polypropylene-organic clay composite 
according to claim 6, wherein said organic onium ion 
compound is ammonium salt. 

25 

9. The polypropylene-organic clay composite 
according to claim 1, wherein said polyolefin resin is 
polypropylene . 
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10. A method for manufacturing the polypropylene- 
organic clay composite of claim 1, comprising the steps 
of: 

reacting a modified polypropylene having functional 
5 groups to an organic layered clay mineral in 'a 

solvent or in a molten phase under a shearing 
force; and 

melt-kneading the mixture of the modified 
polypropylene and the organic layered clay mineral 
10 with a polyolefin resin matrix under a shearing 

force. 
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